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including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 
VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 

1.  REPORT  DATE 

2.  REPORT  TYPE 

4.  TITLE  AND  SUBTITLE 

Direct  Simulation  of  Nonlinear  Three-Dimensional  Wave  and 
Wave-Group  Dynamics 

6.  AUTHOR(S) 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Massachusetts  Institue  of  Technology, Department  of  Ocean 
Engineering, Cambridge, MA, 02139 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 


12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

See  also  ADM002252. 

14.  ABSTRACT 

15.  SUBJECT  TERMS 


16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION  OF 

18.  NUMBER 

19a.  NAME  OF 

ABSTRACT 

OF  PAGES 

RESPONSIBLE  PERSON 

a.  REPORT 

unclassified 

b.  ABSTRACT 

unclassified 

c.  THIS  PAGE 

unclassified 

Same  as 
Report  (SAR) 

2 

3.  DATES  COVERED 

00-00-1998  to  00-00-1998 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 

10.  SPONSOR/MONITOR'S  ACRONYM(S) 

11.  SPONSOR/MONITOR'S  REPORT 
NUMBER(S) 


Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


Direct  Simulaions  Of  Nonlinear 
Three-Dimensional  Wave  and  Wave -Group  Dynamics 

Dick  K.P.  Yue 

Department  of  Ocean  Engineering 
Massachusetts  Institute  of  Technology 
Cambridge,  MA  02139 

phone:  (617)  253-  6823  fax:(617)  253-8125  email:  yue@mit.edu 
Award#:  N000149810790 


LONGTERM  GOAL 

The  ultimate  goal  is  to  develop  effective  and  robust  computational  tools  for  nonlinear  dynamics  of 
three-dimensional  waves.  Of  particular  interests  are  the  spatial/temporal  coherence  of  such  waves  and 
the  nonlinear  mechanism  of  such  coherent  structures. 

OBJECTIVES 

The  objectives  are  to  develop  and  improve  the  efficiency  of  two  complementary  computational 
methods,  a  high-order  spectral  method  (HOS)  and  a  fully-nonlinear  mixed-Eulerian-Lagrangian  (MEL) 
approach,  for  long-time  large-domain  wavefield  evolutions;  to  develop  methodologies  for  data 
assimilation  using  HOS/MEL  simulations;  and  to  obtain  three-dimensional  spatial/temporal  wave 
coherence,  structures  and  their  mechanisms. 

APPROACH 

Direct  computations  by  HOS  and  MEL  methods  are  performed  to  obtain  assessment  and  understanding 
of  the  mechanism  and  coherence  of  steep  three-dimensional  ocean  waves.  The  two  computational 
methods  are  complementary:  HOS  provides  large-scale  three-dimensional  simulations  which  also  serve 
to  corroborate  experimental  and  field  data,  confirm  perturbation  predictions,  and  identify 
local  wave  events  and  episodes  of  interests;  while  MEL  obtains  detailed  fully-nonlinear  three- 
dimensional  wave  kinematics/dynamics  for  specific  local  episodic  events. 

WORK  COMPLETED 

The  project  has  started  for  just  a  few  months,  during  which  a  multiple-level  iterative  scheme  for  wave 
reconstruction  using  HOS/MEL  optimization  has  been  developed  and  tested.  The  completion  of  this 
work  is  essential  for  data  assimilation  and  proper  specification  of  the  initial  conditions  for  HOS/MEL 
simulations. 

RESULTS 

Some  preliminary  studies  are  conducted  on  wave  reconstruction  of  two-dimensional  wave  fields. 

Figure  1  shows  the  comparison  of  the  specified  wave  probe  record  and  the  HOS  simulation  result  for 
about  10  dominant  wave  periods  .  The  agreement  between  them  is  excellent. 


Figure  1.  Comparison  of  computed  versus  experimentally  measured  free-surf ace  elevation 
(*10  meters )  at  a  given  point  as  a  function  of  time  ( seconds )  of  a  two-dimensional  wavefield: 

_ ,  experiments  of  Stansberg  et  al.  1995;  -  -  -  HOS  simulation  with  N=2048  spectral 

modes  and  M=3  order. 


IMPACT/APPLICATION 

The  understanding  and  modeling  of  steep  three-dimensional  wave  evolutions  are  essential  to  the  design 
and  safety  of  very  large  floating  structures  such  as  the  proposed  Mobile  Offshore  Base  (MOB). 

FUTURE  WORKS: 

The  planned  immediate  tasks  include  to: 

•  Improve  the  efficiency  of  HOS/MEL 

•  Accelerate  the  convergence  of  wave  reconstruction  optimization 

•  Generalize  wave  reconstruction  to  full  three-dimensions  and  multiple  measurement  points 

•  Perform  Monte  Carlo  simulations  of  wave  spectrum  evolution  using  HOS 
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